INTRODUCTION {#sec0005}
============

Neuropsychiatric symptoms (NPS) are common in the older population. A previous community based study reported that 38.9% of community-dwelling older adults had NPS \[[@ref001]\], with the prevalence increasing as cognitive function declined. The rates ranged from 30.8% in the cognitively normal population to 80% in those with dementia \[[@ref001]\].

Increasingly, NPS have been considered as a risk factor for all-cause dementia or even early symptoms of dementia. Psychiatric symptoms, including sleep disturbance \[[@ref002]\] and depression \[[@ref004]\], are risk factors of dementia. Sleep disturbance might contribute to dysfunction of amyloid clearance, and then contribute to the development of Alzheimer's disease (AD) \[[@ref006]\]. Affective neuropsychiatric symptoms including depressive symptoms are predictors of dementia even in those with normal cognition and subjective cognitive decline (SCD) \[[@ref008]\]. While the annual progression rate of dementia in patients with mild cognitive impairment (MCI) is approximately 12% \[[@ref009]\], the progression rate in MCI patients with NPS is estimated at 25% \[[@ref010]\]. Those with NPS have a 3-fold greater risk of dementia than those without NPS \[[@ref001]\]. NPS, especially psychosis, agitation, and aggression, were detected as predictors of progression to severe dementia and death \[[@ref011]\]. Moreover, NPS are often identified as early symptoms of dementia \[[@ref012]\], but these patients often start out in psychiatric care.

Mild behavioral impairment (MBI) has been proposed as a risk factor for dementia and for some may be the index manifestation of dementia. MBI without overt cognitive symptoms had initially been considered as the prodromal stage of frontotemporal dementia \[[@ref013]\]. However, the International Society to Advance Alzheimer's Research and Treatment (ISTAART) proposed newer research diagnostic criteria for MBI as an at-risk state for all cause dementia, given that NPS are common in all dementias \[[@ref014]\]. MBI is characterized by later life emergent and sustained NPS in the following domains: 1) decreased motivation, interest and drive (apathy); 2) emotional or affective dysregulation (mood and anxiety symptoms); 3) impulse dyscontrol (agitation, aggression, and abnormal reward salience); 4) social inappropriateness (impaired social cognition); and 5) abnormal thoughts and perception (psychotic symptoms). Importantly, the ISTAART MBI criteria made explicit the relationship between MBI and MCI in that MBI could occur in advance of, in concert with, or following MCI. Thus, MBI reflects the neurobehavioral axis of pre-dementia risk states, as a complement to the neurocognitive axis represented by SCD and MCI. A recently published 5-year longitudinal study demonstrated a higher rate of incident dementia in MBI compared to late life psychiatric illness, demonstrating the clinical significance of the MBI syndrome, and the importance in distinguishing it from psychiatric illness recurring in late life \[[@ref015]\]. Additionally, in a large community sample of cognitively unimpaired participants, MBI demonstrated an associated with faster decline in attention and working memory \[[@ref016]\]. Recent genetic evidence has also demonstrated a common etiology between MBI and AD, suggesting that neurodegeneration may contribute to the emergence of neuropsychiatric symptoms, as it does with emergent neurocognitive symptoms \[[@ref017]\]. Case ascertainment for MBI has been operationalized with the MBI checklist (MBI-C, available at <http://www.MBItest.org>) \[[@ref018]\], a rating scale that accurately reflects the MBI criteria with respect to the MBI domains, requirement of symptoms to be of 6 months duration (thus decreasing false positives from reactive states and fluctuating symptoms), explicitly mandating that symptoms be emergent in later life, and using language targeted toward community dwelling functionally independent older adults (as opposed to dementia-centric language). Using the MBI-C in a primary care population, MBI prevalence was determined to be 5.8% in SCD \[[@ref019]\], and 14.2% in MCI \[[@ref020]\]. As the MBI-C is a very new instrument, other groups have used the neuropsychiatric inventory (NPI) to estimate MBI frequency by mapping NPI items onto MBI domains. The drawback of this approach is the relatively short reference range of the NPI of 1 month, increasing the possibility of false positives. Accordingly, the prevalence of MBI using this approach has been substantially higher. In a community population, MBI prevalence was 43.1% in SCD, and 48.9% in MCI \[[@ref021]\]. In a cognitive neurology clinic population, the prevalence was higher still at 76.5% in SCD, and 85.3% in MCI, and was associated with greater caregiver burden in both groups \[[@ref022]\]. What is not known is the prevalence of MBI in a specialty psychiatric clinic. Thus, the aim of this study was to examine the prevalence of MBI in the psychiatric outpatient clinic, and compare the incidence of dementia in MBI with that in other conditions, especially MCI, SCD, sleep disorder, and depression.

METHODS {#sec0010}
=======

Subjects {#sec0015}
--------

We conducted a retrospective chart review of 2,853 consecutive outpatients over the age of 50 (1,076 men and 1,777 women; mean age±standard deviation, 68.9±11.1 years old) who were seen at the department of Psychiatry and the Center for Diagnosis of Dementia, Kyoto Prefectural University of Medicine, between April 2009 and March 2016. Since psychiatrists are in charge of the Center for Diagnosis of Dementia in our hospital, our psychiatric outpatient clinic includes the outpatient clinic of the center. Therefore, the older people with NPS are often referred to our psychiatric outpatient clinic. Moreover, MCI or SCD without NPS were sometimes referred to our psychiatric outpatient clinic because some psychiatrists perform the differential diagnosis of dementia. We investigated the prevalence and features of MBI. One rater (T.M., board certified specialist of the Japanese Society of Psychiatry and Neurology and the Japanese Psychogeriatric Society) retrospectively diagnosed MBI in accordance with the ISTAART research diagnostic criteria \[[@ref014]\]. In patients without dementia who were followed up for at least 1 month, we examined the incidence rate of dementia at December 2017. The diagnosis was made by psychiatrists, according to the International Classification of Disease (ICD-10). Dementia with Lewy bodies (DLB) and MCI were diagnosed using the DLB consensus criteria \[[@ref023]\] and Petersen criteria \[[@ref009]\], respectively. In the current study, MCI or SCD without MBI was defined as the patients met the criteria of MCI or SCD, but not the criteria of MBI. According to the previous studies \[[@ref022]\], SCD was defined as having subjective persistent cognitive complaints but not meeting the criteria of MCI or dementia. Rapid eye movement sleep behavior disorder (RBD) was diagnosed only on the interview of clinical symptoms, without polysomnography. All data were coded and registered anonymously. The Ethics Committee of Kyoto Prefectural University of Medicine approved this retrospective study. We provided patients with information on the right to refuse the study, presenting it both in the waiting room of the outpatient clinic and on the institutional homepage. When participants did not agree with the contents of study, they were excluded from the study.

Statistical analyses {#sec0020}
--------------------

We used the Chi square test to exam the differences between genders. The comparison of duration between diagnosis and dementia onset was performed using *t*-test. Kaplan-Meier survival analyses with log rank tests were performed to compare the time to onset of dementia between MBI, MCI without MBI, SCD without MBI, sleep disorder, depressive episode, and other diagnoses excluded these diagnoses. Cox proportional hazards regression models with a forced entry method were also conducted to estimate the hazard ratio (HR) of dementia. The independent variables included age, gender, and diagnosis. In the diagnosis, the HR for MBI, MCI without MBI, SCD without MBI, sleep disorder, and depressive episode were estimated compared to other diagnoses excluding these diagnoses. To compare each MBI domain, Kaplan-Meier survival analyses with log rank tests and Cox proportional hazards regression models with a forced entry method were also performed in MCI patients only. In these analyses, MCI with each MBI domain was compared with MCI without each MBI domain. The independent variables included age, gender, and each MBI domain. Data were analyzed using SPSS 22 (IBM Corp., Armonk, NY, USA), and *p* \< 0.05 was considered statistically significant in these tests.

RESULTS {#sec0025}
=======

Characteristics of subjects {#sec0030}
---------------------------

In all patients, the F4 category (neurotic, stress-related, and somatoform disorders; *n* = 905) was the most common diagnosis, followed by F0 (organic, including symptomatic, mental disorders; *n* = 878), F3 (mood disorders; *n* = 516), and F2 (schizophrenia, schizotypal, and delusional disorders; *n* = 207). 100 out of 2,853 psychiatric outpatients (3.5 %) actually met the criteria for MBI. Among 100 patients with MBI, 90 patients also met the criteria of MCI, and 10 patients were also considered as SCD. Since the total number of MCI and SCD patients were 180 and 51, respectively, 50.0% of MCI patients and 19.6% of SCD patients met the MBI criteria. MBI patients consisted of 25 men and 75 women, and the mean age was 76.3±7.2 years old. MBI was more common in woman than in men (75/1777 (4.2%) versus 25/1076 (2.3%), *p* = 0.008).

For MBI domains, affective dysregulation was the most common (64%), followed by abnormal perception or thought content (21%), impulse dyscontrol (12%), decreased motivation (11%), and social inappropriateness (1%). In each domain, there was a significant difference only in abnormal perception or thought content between women and men (18/1777 (1.0%) versus 3/1076 (0.3%), *p* = 0.026).

Incidence of dementia {#sec0035}
---------------------

In 2,853 total outpatients, 2,218 patients did not have dementia at the first visit. 1,329 out of 2,218 patients were followed up for at least 1 month. The follow-up period of these patients were 22.7±23.9 months (range: 1 to 104 months). 77 out of 1,329 (5.8 %) patients developed dementia, mostly AD (66/77 (85.7%)). In the 77 patients who developed dementia, the most common diagnosis at the first visit was MBI (*n* = 29), followed by MCI without MBI (*n* = 17), depressive episode (*n* = 9), anxiety disorder (*n* = 5), delusional disorder (*n* = 5), adjustment disorder (*n* = 4), SCD without MBI (*n* = 3), somatoform disorder (*n* = 2), nonorganic sleep disorder (*n* = 1), delirium (*n* = 1), and other nonorganic psychotic disorder (*n* = 1). [Table 1](#jad-70-jad190278-t001){ref-type="table"} showed the incidence rate of dementia at each disease. Three out of 73 patients with sleep disorder met the criteria of RBD, and 1 out of three patients with RBD developed DLB (incidence rate of dementia: 148.4 cases per 1000 person-years of follow up). The duration between diagnosis and dementia onset in adjustment disorder and anxiety disorder was relatively shorter than that in MBI, although there are no significant differences (*p* = 0.130 and *p* = 0.249, respectively).

###### 

The incidence rate of dementia at each disease

  Disease                                Dementia incidence (cases per 1000 person-year of follow up)   Duration between diagnosis and dementia onset (month)
  ------------------------------------- -------------------------------------------------------------- -------------------------------------------------------
  Total                                                              30.7                                                     18.0±14.2
  MBI                                                               236.5                                                     17.0±12.6
  MCI without MBI                                                   230.4                                                     15.8±12.4
  Delirium                                                          149.3                                                        26
  SCD without MBI                                                   107.9                                                     16.0±5.6
  Delusional disorder                                                88.7                                                     37.2±19.0
  Other nonorganic psychotic disorder                                38.8                                                        40
  Anxiety disorder                                                   27.1                                                     10.2±7.0
  Depressive episode                                                 16.2                                                     18.8±18.9
  Adjustment disorder                                                12.3                                                      7.0±5.6
  Nonorganic sleep disorder                                          7.5                                                         32
  Somatoform disorder                                                5.9                                                      22.5±12.0

MBI, mild behavioral impairment; MCI, mild cognitive impairment; SCD, subjective cognitive decline.

[Figure 1](#jad-70-jad190278-g001){ref-type="fig"} shows the results of Kaplan-Meier survival analysis with log rank tests. There were significant differences between MBI and sleep disorder (*p* \< 0.001), between MBI and depressive episode (*p* \< 0.001), and between MBI and other diagnoses (*p* \< 0.001), while there were no differences between MBI and MCI without MBI (*p* = 0.987), and between MBI and SCD without MBI (*p* = 0.283).

![The results of Kaplan-Meier survival analysis in MBI, MCI without MBI, SCD without MBI, nonorganic sleep disorder, depressive episode, and other diagnoses excluded these diagnoses.](jad-70-jad190278-g001){#jad-70-jad190278-g001}

In the Cox proportional hazards regression models with a forced entry method, MBI, MCI without MBI, SCD without MBI, and age were significant independent variables. The HR in MBI was the highest ([Table 2](#jad-70-jad190278-t002){ref-type="table"}).

###### 

Results of the cox proportional hazards regression models with a forced entry method. Hazard ratio of dementia in MBI, MCI without MBI, SCD without MBI, sleep disorder, and depressive episode were estimated compared to other diagnoses excluded these diagnoses

  Variable              Hazard ratio   95% confidence interval   *p* value
  -------------------- -------------- ------------------------- -----------
  MBI                       8.07             4.34--15.03          \<0.001
  MCI without MBI           7.05             3.50--14.21          \<0.001
  SCD without MBI           6.81             1.99--23.27           0.002
  Sleep disorder            0.71             0.09--5.41            0.744
  Depressive episode        1.40             0.63--3.13            0.407
  Age                       1.10             1.07--1.13           \<0.001
  Male                      0.84             0.48--1.46            0.536

Among 180 MCI patients, 131 patients were followed up for at least 1 month. Kaplan-Meier survival analyses with log rank tests showed a significant difference between MCI with and without abnormal perception or thought content (*p* = 0.045) ([Fig. 2](#jad-70-jad190278-g002){ref-type="fig"}). The cumulative survival between MCI with and without affective dysregulation tended to be different (*p* = 0.090). In the Cox proportional hazards regression models with a forced entry method, the HR in MCI with abnormal perception or thought content MBI was 0.307 (95% confidence interval: 0.094--0.999, *p* = 0.050), and the HR in MCI with affective dysregulation was 1.646 (95% confidence interval: 0.903--2.999, *p* = 0.104).

![The results of Kaplan-Meier survival analysis in MCI patients with and without (a) abnormal perception or thought content and (b) affective dysregulation.](jad-70-jad190278-g002){#jad-70-jad190278-g002}

DISCUSSION {#sec0040}
==========

In the psychiatric outpatient clinic, the prevalence of MBI was 3.5% and the incidence rate of dementia was 30.7 cases per 1000 person-years. MBI, MCI without MBI, and SCD without MBI increased the risk of dementia, while sleep disorder and depressive episode did not. In the MCI patients, those with affective dysregulation tended to develop dementia with a hazard ratio of 1.646 compared to those without. Therefore, MBI, especially affective dysregulation domain, might be associated with dementia.

While the prevalence of MBI was 3.5% in all outpatients, the prevalence was 50.0% in MCI and 19.6% in SCD patients. The prevalence of MBI in our psychiatric clinic was relatively low compared with previous studies in a neurology clinic, which likely overestimated MBI prevalence due to requiring only one-month symptom duration as per the Neuropsychiatric Inventory \[[@ref021]\]. Further, the difference of clinical setting (psychiatric versus neurology clinic) may affect the results. Psychiatrists might tend to diagnose the late onset psychiatric symptoms as psychiatric disease. This lower prevalence estimate may also be due to the retrospective study design and that those with SCD alone are not typically referred to a psychiatric clinic. However, when we look at our prevalence in SCD and MCI, MBI prevalence in our psychiatric clinic was higher than in the primary care population, which used the MBI checklist for case ascertainment \[[@ref019]\]. Given that the prevalence of NPS is higher in clinical versus community samples \[[@ref025]\] and in clinical settings the specialty clinic prevalence is higher than in primary care, the greater MBI prevalence in SCD and MCI in the current study and previous studies \[[@ref021]\] versus the previously published Spanish primary care sample may be expected. However, in the recent studies using MBI checklist \[[@ref019]\], MBI checklist was administered by phone to an informant, which might affect case detection compared to our method of retrospective chart review.

For the MBI domains, the results of the current study and previous studies \[[@ref021]\] indicate that affective dysregulation is the most common domain in MBI irrespective of sample setting or ascertainment method, while the prevalence of other domains was inconsistent. The difference in prevalence of the other MBI domains might be caused by the different sample and setting or different ascertainment methods. First, as the previous study pointed out, the patients with NPS are more likely to attend the clinic \[[@ref022]\]. Given the fact that our study was conducted in a psychiatry outpatient clinic (as opposed to a cognitive neurology clinic), the prevalence of abnormal perception or thought content might be higher still, as these patients may be preferentially referred to psychiatry versus neurology. Second, when measured with a rating scale, impulse dyscontrol is likely more frequent than in a retrospective chart review like ours. This may reflect a lack of charting or observation about impulse dyscontrol, or the assumption in a psychiatric clinic that this symptom is subsumed under other psychiatric conditions.

Gender differences in MBI have been previously reported. MBI, especially decreased motivation and impulse dyscontrol, is more common in men than in women \[[@ref021]\]. In the current study, the prevalence of MBI in women was more common than in men, especially in the abnormal perception or thought content domain. These results suggests that decreased motivation and impulse dyscontrol domains were more common symptoms in men, and abnormal perception or thought content domain were more common in women.

Dementia incidence in the current study was 30.7 cases per 1000 person-years. This is similar to a previous study reporting that dementia incidence was 32.5 cases per 1000 person-years in people over 65 years old from the general population \[[@ref026]\]. Most patients developed AD in the current study. The dementia incidence and HR of dementia was highest in MBI, although the incidence was close to that for MCI without MBI. While diagnosed depression did not increase the risk of dementia in the current study, the affective dysregulation domain of MBI did increase the risk of dementia. Our results are consistent with recent literature. According to previous reviews, depression in early life might be a risk factor for dementia, and late life onset of depression might be a prodromal symptom \[[@ref004]\]. Evidence from recent large longitudinal cohorts also supports the importance of age of onset of depressive symptoms \[[@ref012]\]. These studies describe the age of onset of depressive symptomatology as an important component of their dementia risk. For some, incident depressive symptoms were diagnosed as depression in the traditional sense, but were in fact prodromal symptoms of dementia. Moreover, in the current study, anxiety disorder had shorter duration between diagnosis and the onset of dementia compared to MBI. It is possible that the symptoms of an anxiety disorder, diagnosed through a psychiatric lens in a psychiatric clinic, were in fact the prodromal manifestations of dementia. Anxiety (part of the MBI affective dysregulation domain) has been associated with striatal amyloid-β in cognitive normals \[[@ref030]\], suggesting that the underlying AD neuropathological process may drive this symptom in some. Case reports have also described emergent psychiatric symptoms being given psychiatric diagnoses in advance of dementia declaring itself \[[@ref031]\]. Further, in a retrospective review of dementia patients in a cognitive neurology clinic, 28.2% were initially given a psychiatric diagnosis, with these symptoms ultimately representing prodromal dementia as opposed to formal psychiatric conditions \[[@ref033]\]. While 52.2% of the patients in this study with initial psychiatric diagnoses developed frontotemporal dementia (FTD), 23.1% developed AD, suggesting that early emergence of psychiatric symptoms is not simply relegated to FTD, but also relevant to other dementias including AD \[[@ref033]\]. Overall, our results are consistent with previous literature suggesting that for some, late onset psychiatric symptomatology (especially mood and anxiety symptoms) can be given a psychiatric diagnosis in primary and specialty care, warranting greater vigilance in these settings for emergent dementia.

Interestingly, the risk of dementia in MCI with abnormal perception or thought content was lower than that in MCI without. This might be the result of challenges with differential diagnoses. In the current study, the prevalence of abnormal perception or thought content domain was higher than those of previous studies (as might be expected in a psychiatric clinic) \[[@ref021]\]. Since patients with late-onset delusional disorder have impairment of cognition including divided attention and visuo-perception with planning and organization \[[@ref034]\], patients with late-onset delusional disorder might be diagnosed as MCI. On the other hand, the dementia incidence in delusional disorder was relatively higher than other psychiatric diseases. It is speculated that some of those with abnormal perception or thought content were classified as delusional disorder instead of the delusions as being part of the MBI. As a previous study pointed out, late onset psychosis (LOP) might be misdiagnosed as psychiatric disease, such as delusional disorder, when it might be better categorized as the emerging psychosis of a neurodegenerative disease \[[@ref012]\]. LOP is often seen in older people. The main etiology of LOP is dementia, delusional disorder, schizophrenia, and depression \[[@ref035]\]. MCI patients with delusions might be diagnosed as delusional disorder in ICD-10, especially when the delusion is relatively strong. It is often difficult to distinguish between NPS in neurodegenerative disease and late-onset psychiatric disease. The etiology of LOP is various, and then the careful observation is needed for patients with LOP.

Despite a very small proportion of our subjects having SCD, SCD without MBI increased the risk of dementia in the current study, while all 6 SCD patients with MBI did not develop dementia during the follow-up period. This is a finding that may or may not be explained sample size issues. While SCD has been proposed as the first symptom of AD \[[@ref024]\], and increasing the risk of AD \[[@ref036]\], these patients are generally not referred to psychiatry clinics unless comorbid with psychiatric symptomatology. In Japan, people with subjective cognitive complaints are sometimes seen at psychiatric outpatient clinic because they are worried about dementia. This worry could be potentially mood and anxiety symptoms of MBI. As previous review pointed out, subjective cognitive complaints are affected by depression \[[@ref037]\]. One can speculate that the cognitive complaints may have been part of a depressive syndrome and without information on the age of onset of the depressive syndrome, it is difficult to determine if it is part of MBI or rather subclinical depression. Further study is necessary to elucidate the relationship between SCD, depressive symptoms, and dementia, bearing in mind that this is not generally the presenting complaint to general psychiatric clinics.

Sleep disorder was not a risk factor for dementia in the current study, although previous studies have implicated sleep disturbance as risk factor \[[@ref002]\]. Sleep inadequacy and day-time sleepiness increased the risk of dementia about 1.2-fold in non-demented community-dwelling elderly people \[[@ref002]\]. A prospective cohort study in a Japanese community identified short and long daily sleep duration and hypnotic use as the risk factors of dementia \[[@ref003]\]. The inconsistency might be caused by the method of the current study. The current study was retrospective study, and the follow-up period was relatively short. While the mean follow-up period of these previous studies was 3 to 8.8 years \[[@ref002]\], the mean period of the current study was 1.9 years. Among 73 patients with sleep disorder in the current study, one patient with RBD developed DLB after 2.7 years. Since RBD is included in the core clinical features of DLB \[[@ref038]\], RBD might be presented as the prodromal symptoms of DLB.

There were some limitations in the current study. First, the duration of follow-up was relatively short for some participants, which is especially impactful in determining dementia incidence for the SCD group, where typically time to dementia is significantly longer than it is for MCI. Therefore, it was not elucidated whether MBI reflects prodromal symptoms or a risk factor of dementia in this group. Second, in the comparison of duration between diagnosis and dementia onset, there were no significant differences between MBI and other psychiatric diseases. These findings may be due to retrospective methodological limitations and variable follow up times. Finally, the information from chart and assessments of cognitive function and NPS might be insufficient because of the retrospective design. NPS were not always assessed using the checklist such as Neuropsychiatric Inventory. As the previous study pointed out \[[@ref012]\], late onset psychiatric symptoms might be misdiagnosed as psychiatric disease. Hence, the prevalence of MBI and the incidence rate of dementia might be inaccurate. A prospective study using the MBI checklist is needed.

In conclusion, psychiatric outpatients often meet the criteria of MBI, and those with later life onset of psychiatric symptoms can be referred to psychiatric clinics and given psychiatric diagnoses. In this group, MBI, especially the affective dysregulation domain, increases the risk of AD. Since the late-onset psychotic and behavioral symptoms may be prodromal symptoms of dementia in some, careful observation is needed, and clinicians in psychiatric clinics should keep prodromal dementia on their differential diagnosis, when assessing those with new onset psychiatric symptomatology in older adults.
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